Abstract-Optical limiting and upconverted luminescence have been studied in different chromophore-doped aluminosilicate gel materials and the effects of the dynamic processes from different central ions are discussed. Chromophores are metalloporphyrins of tetra-4-sulfonatophenylporphyrinato-copper(II) and tetra-4-sulfonatophenylporphyrinato-zinc(II) (CuTPPS and ZnTPPS, respectively) which are embedded in aluminosilicate gel hosts. Photo-upconverted luminescence was observed and believed to result from the radiative recombination of the second excited singlet state. Saturated behavior of upconverted emission was found as a function of incident excitation intensity. An optical limiting phenomenon associated with reverse saturated absorption was studied. These effects are attributed to higher excited state absorption. The observation of upconverted luminescence indicates that the upper excited state absorption occurs while nonlinear absorption is being observed. Dynamic analysis of excited state processes indicates that intersystem crossing and triplet-triplet (quartet-quartet) absorption dominates nonlinear processes and suggests that saturation absorption or reverse saturation absorption is dependent on the ratio of the effective absorption cross section for the excited states to that for the ground state. Absorption cross sections for the excited states are estimated by the data fitting to upconverted emission intensity and nonlinear absorption.
compression. RSA, referring to a decrease in the transmission with increased light intensity, is thought of as one of the photophysical mechanisms for optical limiting and has received much attention in recent years [5] [6] [7] [8] [9] [10] [11] [12] .
Rich electronic and vibronic characters combined with molecular configuration dominate the linear and nonlinear optical properties in porphyrin and metalloporphyrin systems [13] . Molecules possessing macrocycles have conjugated organic structures and can be considered as two-dimensionally delocalized -electron systems. The optical processes of the excited states are mostly related to the characteristics of the central metal ions and the coupling between the -electron and the metal ion. Metal substitution in the central position forms a group of metalloporphyrins and introduces low-lying energy states derived from metal-to-ligand and ligand-to-metal charge and energy transfer. These may improve the nonlinear optical properties of metalloporphyrins.
Sol-gel synthesis methods [14] have been found to exhibit significant advantages in preparing solid-state optical materials for studying their photophysical properties [15] [16] [17] [18] . The flexibility of materials fabrication, good transparency over a broad spectral range, and incorporation of the embedded molecules into sol-gel systems can be realized. For the most part, experimental studies on the optical properties of metalloporphyrins have been performed in the liquid phase rather than in the solid state. However, photonic applications generally prefer solid-state optical materials. Optical materials have been prepared by sol-gel synthesis for solid-state laser media, thin film and coatings, optical limiting devices, and chemical sensors [19] [20] [21] . Some investigations have reported optical limiting and nonlinear absorption in solution and sol-gel media of phthalcyanines and metallophthalcyanines [22] [23] [24] [25] [26] [27] [28] . The work described here represents an extension of these earlier works and focuses on the characterization of the fluencedependent nonlinear absorption and emission of excited states in aluminosilicate gels doped with tetra-4-sulfonatophenylporphyrinato-copper (CuTPPS) and tetra-4-sulfonatophenylporphyrinato-zinc (ZnTPPS) [29] [30] [31] [32] .
In this paper, we emphasize a study of the differences in upconverted luminescence and RSA between CuTPPS-and ZnTPPS-doped gel media due to different central ions and effects of the dynamic processes from different metal ions. We also observed the optical limiting and upconverted radiation in CoTPPS-and CdTPPS-doped gel hosts. Our early research on CuTPPS [29] , [30] is extended. The upconverted emission is believed to be associated with the radiative transition of the second excited singlet state to the ground state. The intensity 0018 saturation of upconverted fluorescence has been observed as a function of excitation intensity. These phenomena are shown to result from higher excited state absorption which can be attributed to step-wise two-photon absorption transition from both singlet and triplet states to higher excited states via the first excited states. Herein, both experimental measurements and the corresponding dynamic analyses have been performed. The excited state absorption cross sections are estimated by fitting experimental data of both nonlinear absorption and upconverted emission.
II. EXPERIMENTAL METHODS
Metal tetra-4-sulforatophenylporphyrins of CuTPPS and ZnTPPS were received from Midcentury and used without further purification. Their molecular structures are exhibited in Fig. 1 . Specimens were dissolved in ethanol and mixed with aluminosilicate sol-gel, forming a gel in a range of concentrations from 5 10 to 1 10 molar. Aluminosilicate gel bulk, doped with metalloporphyrins, were prepared according to the method previously reported by Pouxviel and his colleagues [15] , [16] . The aluminosilicate gels were put directly into polystyrene cuvettes covered with parafilm. The bulk samples were subsequently allowed to dry slowly for approximately ten weeks prior to experimental measurements.
The excitation source for the nonlinear absorption and inverse saturation absorption measurements was an excimer laser (Lambda Physik) pumped dye laser (Lambda Physik). The wavelength range of the output dye laser, employing a Rhodamine 6G in methanol gain medium, was tunable over the 565-610-nm region. The pulsewidth of the dye laser was measured to be 15 ns. An excitation wavelength of 584 nm was used for nonlinear absorption measurements. The maximum pulse energy from the dye laser was 4.2 mJ per pulse. A set of neutral density filters was used to attenuate the laser incident energy during the intensity dependence measurements. The laser beam was focused to an 80-m spot inside the sample by using a 20-cm focal length lens. A dualchannel Rm6600 Universal Radiometer was used to detect incident and transmitted energies.
Photo-upconverted luminescence spectra were determined by using the same excitation system as the nonlinear absorption experiment. An excitation wavelength of 584 nm was selected. Detection of upconverted luminescence was achieved using a Spex model F112A fluorometer (0.22 m double grating spectrometer, thermo-electrically cooled R928 PMT detector). Absorption spectra were measured with a Cary 5 spectrophotometer. All spectra were corrected for instrumental response and measurements were performed at room temperature.
III. DYNAMIC PROCESSES
The excited state processes can be illustrated by the multilevel model for metalloporphyrin molecules plotted in Fig. 2 . Two sets of notations used in Fig. 1 represent two kinds of metalloporphyrins, such as ZnTPPS and CuTPPS [31] . and in ZnTPPS with a closed-shell ion of zinc, stand for singlet and triplet states, respectively. Due to the coupling between spin and orbital in CuTPPS having an open-shell ion of copper, energy levels become doubled [31] , so as to be described as singdoublets and tripquartets respectively. As an example, the following analysis will be given for ZnTPPS.
In the experiments of upconverted luminescence and RSA, the 584-nm excitation corresponds to the transition. Molecules are excited, with 584-nm excitation, to the first excited state of , and its population can be accumulated. The intersystem crossing populates the first excited triplet state . Both the and transitions might cause absorption enhancement with elevated excitation (RSA effect).
can be populated by the nonradiative decay process . The upconverted emission we observed is attributed to the radiative transition.
A. Transient Analysis
The dynamic equations, considering all radiative and nonradiative processes mentioned above at 584-nm excitation, are expressed as follows: (1) where stands for population in the th energy level, and are the excitation light intensity and frequency, or is the decay rate from the th level to the ground state or from the th to the th level, and and are the absorption cross sections, corresponding to the and transitions, respectively. These populations should satisfy the relation and initial condition and . The initial condition indicates that all molecules are in the ground state before excitation. The media may absorb energy while the optical pulse propagates through the media and the propagation equation in thick media is (2) In general, these equations can be numerically solved by a computer when given the specifications of the material parameters and the optical pulse features.
1) Population Distribution Under Constant Excitation:
Equations (1) and (2) can be simplified and analytically solved under the specific condition of constant excitation. The time and intensity evolution of the population distribution in specific energy levels can be analyzed. To simplify the equations, one needs to examine the relative relationship between the lifetime of each concerned level and the pulsewidth of the pumping laser.
Electronic relaxation of higher lying excited states to the first excited state in the singlet or triplet manifold is very fast, typically on the scale of picoseconds or shorter. Hence, we need to consider only the populations of the and manifolds, and the populations of the and manifolds ( for the higher excited states) are negligible for the excitation of nanosecond pulses. Systematic absorption and transmittance are dominated by the population evolution in the and states. It is worth noting that the populations of the higher lying electronic states may not be negligible while using high-density excitation with picosecond or femtosecond pules because the populations in these states can be accumulated. The lifetime of the first excited triplet state is on the microsecond time scale and its decay to the ground state can be ignored. Assuming constant pumping intensity, the rate equations can be written as
The solution to this set of equations is (4) where and are defined as Fig. 3 shows the time dependence of populations in the and states at various pumping intensities with a 15-ns pulse duration. Other parameters used in the calculation are taken as cm ps, ns, s, and W/cm . For the relatively high intensity, the population is rapidly depleted, the population reaches a maximum in a short time and then decreases gradually, but the population builds up quickly and finally reaches a steady value, which is expected to exceed the and populations. Thus, triplet-triplet absorption can be effectively used for optical limiting besides singlet-singlet absorption.
2) Numerical Results for Upconversion: Generally, transient characteristic parameters, such as lifetimes of excited states and transfer constants of intersystem crossing, dominate the radiative processes of upconverted emission and RSA. It has been supposed in the previous section that upconverted luminescence results from the transition through the two-photon process of the and absorption transitions because a 584-nm excitation corresponds to the absorption transition, as previously described. There are three paths for the manifold to depopulate: the transition producing luminescence in a nanosecond range; the transition indicating the absorption of the th upper excited state; and the transition denoting the intersystem crossing between the singlet and triplet states on the picosecond scale. The population in the first excited triplet state is thought to play an important role in an enhanced absorption because the state has a lifetime of about microseconds or longer, which is at least three orders of magnitude longer than the state lifetime. A combination of the long lifetime of the state with the fast transfer of the intersystem crossing should be taken into account for reverse saturation absorption and upconverted emission. Fig. 4 shows the time dependence of populations in the and manifolds for a variety of excitation intensities. As the excitation intensity is elevated, the population in the ground state drops rapidly, and most of the excited electrons populate the level. As a result, RSA depends considerably on the excited triplet states.
The intersystem-crossing process may affect upconverted emission. If intersystem crossing between the singlet and triplet states does not exist, upconverted emission would take place in singlet states and emission intensity does not saturate as excitation intensity increases. In other words, in a singlet-state model with three energy levels, the intensity of upconverted luminescence should be proportional to the elevated excitation. But this is not observed in our case, because our experimental results reveal that upconverted emission intensity will saturate if the excitation intensity is sufficiently high. In fact, the upconverted emission through the transition is competing in the state with the intersystem crossing. Increasing the intersystem crossing may reduce the process and, consequently, lead to decreasing the emission, i.e., lead to saturation of upconverted luminescence, as shown in Fig. 5. Fig. 5 shows the intensity dependence of the upconverted luminescence intensity in various intersystem crossing values, where the pumping laser pulse profile is taken as a Gaussian function with a pulse duration of 15 ns. Considering (1) and (2) and the initial condition, the computed curves of upconverted emission intensity versus excitation intensity in Fig. 5 are obtained using the relation (5) assuming that cm ns, ps, s, ps. The intersystem crossing rate is taken as an adjustable parameter during the numerical calculation [3] , [10] , [11] , [22] , [34] , [35] .
An effect from the intersystem crossing on the upconverted emission is considered using the numerical simulation of the emission as a function of incident laser intensity. The calculated emission, based on the coupled-rate equations (1), (2), and (5), is not saturable without the intersystem crossing and the triplet state levels taken into account [27] , which are equivalent to letting equal zero. The intersystem crossing from the to manifolds is responsible for the saturation of the emission while is taken to be in the picosecond range, as plotted in Fig. 5 . A portion of the excited electrons in transition from the to levels does not make a contribution to the emission, and these electrons may be stored in the level, as an electron reservoir, because of a longer lifetime of the state in a time range from micrometers to milliseconds due to the forbidden nature of the transition to the ground state. These facts result in the intensity saturation of the emission.
B. Stationary Process 1) Upconverted Emission:
In a stationary condition, the populations in the excited states and ground state as a function of incident light intensity are calculated to be (6) The saturation intensity is written as where denotes the effective lifetime of the excited states in the multilevel model. Fig. 5 shows the population evolution as a function of incident energy, which is plotted using (6) . Molecules stay in the ground state before the system is excited. The molecular density in the ground state is reduced and the molecules are excited up to the first excited state from the ground state as the excitation intensity increases. Populations in the and levels are gradually saturated after the excitation intensity exceeds the saturation intensity.
The absorption cross sections, and represent the absorption contribution from both the upper excited singlet and triplet states. and can be quantitatively studied through the upconverted processes in addition to the nonlinear absorption. Based on (6) and (1), upconverted luminescence intensity in the steady state can be expressed as
where is the absorption cross section of the excited triplet states. An important parameter of may be abstracted from (7a), which explicitly defines the relationship between the upconverted emission and the incident excitation intensity. Furthermore, the absorption cross section for the excited singlet states can be estimated similarly to calculating with (7b). Equation (7) is used to fit the experimental data for obtaining (or ), as will be seen in Fig. 11 . is attained from the data fitting to the absorption spectrum and, for example, is cm for CuTPPS gels and cm for ZnTPPS gels. Other fitting parameters take the same values as ones used in previous sections.
2) Reverse Saturation Absorption (RSA): Phenomena between saturation and RSA are distinguishable by establishing the correlation between the absorption coefficient and excitation intensity. An absorption coefficient is defined as in the two-level system, where is the population and is the absorption cross section. The systematic absorption coefficient for the multilevel system as shown in Fig. 1 is similarly described by (8) where and (9) and represent the absorption contribution from the ground state and the excited states, respectively, and (10) stands for the effective absorption cross section for the excited states including the contribution from the excited singlet and triplet states. As a result, the absorption coefficient can be expressed as a function of excitation intensity as (11) The profile of versus is remarkably dependent on the ratio , as seen in Fig. 6 . The theoretical curves for the system absorption versus excitation energy are drawn in Fig. 6 for various values by using (11) . The turning point at is apparently found where the system absorption keeps constant regardless of the excitation increase, and this indicates that there exists a balance of the absorption between the ground state and the excited states.
The saturation absorption is found only if showing that the ground state absorption is stronger than the excited states at certain excitation wavelengths. In the case of saturation absorption, absorption primarily decreases with elevated excitation and then approaches the saturated regime where the absorption is essentially constant as the incident light intensity is increased. Early research reports [33] on saturation absorption in organic molecules proved that it was convenient to realize saturation absorption with excitation light around the linear absorption peaks, because the absorption cross section for the ground state is at least one to two orders of magnitude higher than that for the excited states. Therefore, the wavelength and linear transmittance should be taken into account in order to study inverse saturation absorption.
On the opposite side, inverse saturation absorption appears while . Inverse saturation absorption displays features completely different from saturated absorption. Primarily, the system absorption increases as the excitation intensity grows, and, subsequently, saturation occurs when the excitation intensity is increased beyond the saturation intensity. For CuTPPS and ZnTPPS gels, reverse saturation is foreseen due to derived from the absorption spectra. We attribute this effect to higher excited state absorption. Saturation and reverse saturation absorption can be distinguished from one another based on the criterion in metalloporphyrin systems.
IV. RESULTS AND DISCUSSION
Photophysical properties of CuTPPS and ZnTPPS are mainly affected by the interaction of the excited states and by the excited state processes of the -electrons from the transition ions and the delocalized -electron from the porphyrin ring. Differences between the central metal ions in metalloporphyrins may lead to different optical features in excitation, absorption, and emission. There exists stronger interaction between metal and ligand in CuTPPS than in ZnTPPS since CuTPPS possesses the open-shell metal ion of copper compared to the closed-shell configuration of zinc in ZnTPPS. The excited state processes may be affected by the coupling differences between metal and ligand in metalloporphyrins. Hence, we will pay much attention to studying te properties of linear absorption, nonlinear transmission, and intensity-dependent emission associated with the excited states in metalloporphyrins.
A. Experimental Results
Absorption spectrum is shown in Fig. 7 for CuTPPS. Two main absorption bands are found in the regions of 400-420 nm and 500-650 nm which are known as the porphyrin and bands, corresponding to the and transitions. Both the and bands are composed of absorption subbands. Metalloporphyrin ZnTPPS shows structures of the and absorption bands that are similar to those of CuTPPS. No obvious change for absorption structure can be observed in absorption spectra between solutions and sol-gels of metalloporphyrins. Intensity-dependent nonlinear transmittance is shown in Figs. 8 and 9 for CuTPPS gels and ZnTPPS gels at 584-nm excitation. All of these samples show inverse saturation absorption in the excitation wavelength range of of 570-600 nm. Absorption is found to be a linear function of incident energy during weak excitation. The transmittivity decreases throughout the range of intermediate incident intensity, which implies absorption increasing with elevated excitation. Saturation appears above the saturated intensity, which is concentration-dependent. We think that absorption from the higher excited states takes place in these samples based on the plots of optical transmittivity versus excitation intensity. Observed inverse saturated absorption is consistent with dynamic analysis, where the excited state absorption cross section is larger than that for the ground state at the excitation wavelength of 584 nm. to-metal quenches the luminescence of the -transition of porphyrin frame. Significant emission from the excited state ( band) under normal 350-nm excitation is observed in Fig. 10 in CuTPPS gel. The upconverted luminescence peaking around 480-510 nm for CuTPPS gel is recorded using 584-nm excitation. The upconverted emission band for ZnTPPS gel is measured around 480-500 nm. It is believed that the upconverted emission results from the band corresponding to the radiative transition from the second excited singlet state to the ground state. Therefore, the upconverted luminescence provides direct proof for the absorption by the higher excited states.
The upconverted emission intensity as a function of excitation intensity is shown in Fig. 11 . The excited state absorption cross sections and can be analyzed by examining the upconversion luminescence. Intensity of the upconverted fluorescence is given as a function of excitation intensity by (7) . and for CuTPPS, and and for ZnTPPS are obtained in Fig. 8 by theoretically fitting the experimental data using the relation of via in (7) . is given to be cm mol for CuTPPS gels and cm mol for ZnTPPS gels. The excited state absorption cross sections are derived from the fitting data to be cm mol cm mol for CuTPPS gels and cm mol cm mol for ZnTPPS gels respectively On the other hand, the fit to the data of nonlinear transmission versus excitation intensity is also employed to analyze the absorption cross sections. The ratio is fitted to be 3.5 for CuTPPS and 5.8 for ZnTPPS by using (11) , and the ratio is so obviously larger than unity as described in Section III-B2 that the reverse absorption behavior should be observed as plotted in Fig. 8 
B. Discussion
Excited state absorption, i.e., the transition from the first singlet and triplet excited states to higher lying excited state levels, is supposed to be responsible for the transmittance decrease and upconverted radiation saturation with elevated excitation intensity. These effects are thought to result from the multiphoton absorption processes. The emission produced by radiative recombination, peaking at 480-500 nm, from the higher excited state (or ) to the ground state gives rise to the upconversion luminescence at 584 nm excitation in metalloporphyrin-doped gels.
Nonlinear absorption and related upconverted luminescence are involved in the excited state processes associated with absorption, radiative, and nonradiative transitions, including the intersystem crossing transition, as shown in Fig. 1 . Inverse saturated absorption indicates molecular conversion processes from the ground state to the excited states by the interaction of external light field and molecules. Dynamic processes for reverse saturated absorption and upconverted luminescence are discussed as follows.
Molecules in the ground state are excited into the higherlying excited singlet states and then the excited molecules relax rapidly to the first excited singlet state A portion of excited electrons in the level may transit to the ground state via radiative and nonradiative transitions, and partly decay to the first excited triplet state through the nonradiative intersystem crossing. Electrons in the manifold can be subsequently excited to the higher-lying excited singlet state during high excitation fluxes. Electrons in the level analogously absorbing incident photons transition to the higher-lying excited triplet state The and absorption transitions may lead to increasing absorption (inverse saturated absorption). Electrons in the and levels decay rapidly to the and levels due to the short lifetime for the upper excited states, respectively. Electrons in the manifold will give rise to fluorescence or relax nonradiatively to the ground state.
can be populated through the decay. Consequently, at intense excitation electrons residing in the state may transit directly to the ground state by the radiative transition, resulting in the upconverted luminescence in the 480-500-nm wavelength for ZnTPPS gels, as observed in Fig. 6 .
Considering CuTPPS, having an open-shell ion of copper different from a closed-shell ion of zinc in ZnTPPS, the energy levels become doublets (singdoublet labeled as for the singlet state, doublets (tripdoublet) and quartets (tripquartet labeled as for the triplet states, regarding the spin-orbit coupling between the unpaired -electron and delocalized -electron. This interaction will enhance the intersystem crossing transition. For simplification, an analysis of the excited state processes for the CuTPPS species may be discussed as we described dynamic processes in ZnTPPS system as singlet-singlet, triplet-triplet, and intersystem crossing transitions. The second excited doublet state, can be populated by two-photon absorption of 584 nm from the ground state through the band, to the higher excited doublet state Rapid relaxation from the level eventually leads to the population of the band. Subsequently the radiative recombination results in the up-converted emission centered at 490 nm.
The transmission decrease versus elevated excitation indicates the absorption enhancement, as shown in Fig. 8 . The absorption increase can be attributed to absorption from the higher excited states, which reduces the higher excited state population and, accordingly, results in radiative emission (referred to as the upconverted luminescence) through transitions from higher excited states to the ground. As a consequence, the intensity of upconverted emission would be expected to increase proportionally with excitation intensity. This is not consistent with experimental observations.
The rapid increase and saturation of the upconverted emission intensity associated with the (or transition is found in the range of low and intermediate pump intensity, as shown in Fig. 10 . Heavy saturation appears due to the higher excitation fluence. The energy bands may be broadened under high intensity excitation and, thus, energy band overlapping might possibly enhance the intersystem transfer rate between the first singlet and triplet excited states. These effects may lead to upconverted luminescence saturation. The saturation of the upcoverted emission might be attributed to the intersystem crossing from the to levels and the longer lifetime of the state, which is equivalently taken as an electron reservoir. The saturation process is understood as described below. The ground state electrons are firstly pumped into the level. The excited electrons have three depopulation paths: 1) further excited in picosecond scale to the upper lying excited singlet states by step-pumping; 2) transitioning to the ground state with the luminescence lifetime of a few nanoseconds; and 3) transferring to the first triplet state with a lifetime in a range from s to ms. As a result, the electrons can be saved in the level, which is now known as an "electron reservoir" due to the longer lifetime of the state. Therefore, the storage of electrons in the reservoir leads to a decrease of the electrons in the ground state and the state and, hence, leads to the saturation as discussed in Section III-A2.
The apparent difference between CuTPPS and ZnTPPS gels is found in the intensity dependence of transmittance in Fig. 8 . The tansmittivity decreases from the initial 72% to the final 15% for ZnTPPS gel, compared with the values of 25% to 12% for CuTPPS gel with increasing excitation intensity. The comparison indicates that the optical limiting dynamic range for CuTPPS is smaller than that for ZnTPPS. Differences in the electronic structure of the central metal ions and the interaction between the metal ion and porphyrin ligand bring about a significant change of optical limiting in ZnTPPS and CuTPPS gels. Both the (or ) and (or ) transitions are supposed to cause RSA and, in particular, the triplet state transition (or ) plays a key role in the reverse process due to a long lifetime of the first excited triplet state (or ). Copper ions in CuTPPS having the unpaired electron which can trap electrons from the state may reduce the number of electrons transferring from the to manifolds, which leads to weakening the reabsorption process . Therefore, weak and easily saturated optical limiting has been observed in CuTPPS gels compared with ZnTPPS gels.
The significant difference of luminescence spectra between CuTPPS and ZnTPPS gels suggests that the luminescence from the band in CuTPPS is quenched by the unpaired electrons of copper ions at the central site of metallopophyrins. Both ZnTPPS and CuTPPS display similar absorption features of and bands observed in absorption spectra in both solutions and sol-gels. The absorption similarity is attributed to the fact that the absorption basically depends on the porphyrin frame. Luminescence from both ZnTPPS and CuTPPS solutions exhibits strong band emission resulting from the (or state. But, in corresponding gels, the intersystem crossing transition or may be enhanced by the confinement of solid gels. This process reduces the band emission. Furthermore, copper ions trapping the electrons in the level will also lead to the quenching of the band emission.
V. CONCLUSION
Upconverted luminescence and RSA have been experimentally and theoretically investigated in aluminosilicate gel hosts containing the sodium salt metalloporphyrins of CuTPPS and ZnTPPS. Both CuTPPS-and ZnTPPS-doped gels exhibit optical limiting and radiative upconverted emission. Optical limiting associated with RSA is attributed to the intersystem crossing and excited state absorption in both singlet and triplet manifolds. Upconverted emission is attributed to the radiative transition from the second excited singlet (singdoublet) state through multiphoton absorption which competes with the intersystem crossing. Copper ions trapping excited electrons in CuTPPS-doped gels lead to weaker optical limiting and quench upconversion emission compared to ZnTPPS gels. ZnTPPS gels are thought to be a potential candidate for optical limiting applications. Good agreement is achieved betweem experimental observations and dynamic analysis. 
